PHOTOSENSOR-AMPLIFIER DEVICE 



BACKGROUND OF THE INVENTION 

Field of the Invention 

5 [0001] The present invention relates to a photosensor-amplifier device that 
converts an optical signal incident thereon into an electric signal and that then 
amplifies the electric signal for output. 

Description of the Prior Art 
; 3 [0002] First, a conventional photosensor-amplifier device will be described with 

10 reference to Figs. 4A and 4B. Fig. 4A is a schematic sectional view showing the 
p structure of a principal portion of a conventional photosensor-amplifier device, and 

^ Fig. 4B is an equivalent circuit diagram of the photosensor-amplifier device shown 

j w in Fig. 4A. A common photosensor-amplifier device as shown in these figures is 

g composed of a photodiode chip 100 functioning as a photoelectric conversion 

15 element and an IC chip 200 incorporating an amplifier circuit and other 
components, with the photodiode chip 100 and the IC chip 200 sealed in a single 
package. 

[0003] The photodiode chip 100 has an N-type semiconductor substrate 101 and 
a P-type semiconductor region 102 formed in a top portion of the substrate 101, the 
20 PN junction in between constituting a photodiode PD. The top surface of the 
photodiode chip 100 is coated with an insulating film 103, of which a small portion 
above the P-type semiconductor region 102 is removed. In this portion where the 
P-type semiconductor region 102 is exposed, the anode electrode 104 of the 
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photodiode PD is provided. On the other hand, the bottom surface of the substrate 
101 is die-bonded to a frame 50, and a supply voltage V DD is applied to the frame 50 
from outside. That is, the frame 50 serves as the cathode electrode of the 
photodiode PD. 

5 [0004] The anode electrode 104 of the photodiode PD is electrically connected 
by way of a wire W to an electrode 201 of the IC chip 200. As shown in Fig. 4B, 
the IC^chip_200^corporates^n-am 



electrode 201 is connected to the input terminal of the amplifier circuit AMP and 
; | also through the resistor R to ground. 

g 10 [0005] In this photosensor-amplifier device built as described above, an optical 
:;1 signal incident on the photodiode chip 100 is sensed by the photodiode PD and is 

p detected as a current signal that flows through the photodiode PD. The current 

£ signal thus obtained as a result of photoelectric conversion performed in the 

t J photodiode chip 100 is then fed by way of the wire W to the IC chip 200, where the 

15 current signal is converted into a voltage signal by the resistor R. This voltage 
signal is then amplified to a predetermined voltage level by the amplifier circuit 
AMP, and is then fed to a signal processing circuit (not shown) provided in the 
succeeding stage. 

[0006] In this conventional photosensor-amplifier device built as described 
20 above, the path connecting the photodiode chip 100 to the IC chip 200 (i.e., the 
wire W and other wiring elements) has a high impedance, and therefore 
electromagnetic noise coming from outside the device or electromagnetic noise 
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generated inside the device tends to cause electromagnetic induction whereby 
noise signals tend to be induced in the wire W and other components. Moreover, 
the path connecting the photodiode chip 100 to the IC chip 200 is susceptible also 
to noise signals induced by the coupling capacitance that accompanies the path. 

5 [0007] Despite these facts, the conventional photosensor-amplifier device is 
provided with no means of reducing such noise signals, and therefore noise signals 
are amplifie d, _imchecMd,_by__me-amplifier-circuit— AMP-a^^ 



malfunctioning of the IC chip 200. To solve this problem, some measure against 
electromagnetic noise, such as an electromagnetic shield, is essential, which 
10 inconveniently increases the total number of components, and thus the cost, of the 
photosensor-amplifier device. 

[0008] Moreover, as shown in Fig. 4A, in the photosensor-amplifier device built 
as described above, the anode electrode 104 of the photodiode PD is connected to 
the electrode 201 of the IC chip 200 by way of a single wire W. Thus, the wire W 
15 is, at both ends, die-bonded directly to the anode electrode 104 and to the electrode 
201, respectively. 

[0009] In the wire-bonding process of this wire W, first, one end of the wire W is 
bonded to one of the anode electrode 104 and the electrode 201 (this operation is 
called the first bonding), and then the other end of the wire W is bonded to the 
20 other of those electrodes (this operation is called the second bonding). Here, on 
the chip where the wire W was bonded as the second bonding, it is subsequently 
necessary to cut the wire W. Inconveniently, the mechanical force accompanying 
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the wire cutting here is applied to the chip and may cause chip breakage. 



SUMMARY OF THE INVENTION 
[0010] An object of the present invention is to provide a photosensor-amplifier 
device that, despite having a photoelectric conversion circuit and an amplifier 
5 circuit connected together by way of a wire, is less likely than ever to malfunction 
under the influence of noise signals induced in the wire and other components. 



[0011] Another object of the present invention is to provide a photosensor- 
amplifier device that is less likely than ever to suffer chip breakage in a wire- 
bonding process. 

10 [0012] To achieve the above object, according to the present invention, a 
photosensor-amplifier device has a photoelectric conversion circuit that converts 
an optical signal into an electric signal, a first electrode by way of which the 
electric signal is extracted from the photoelectric conversion circuit, a second 
electrode that is not directly connected to the electric signal, an amplifier circuit 

15 that has a first input terminal and a second input terminal and that amplifies and 
then outputs the difference between the electric signals fed to the first and second 
input terminals, a first wire that connects the first electrode to the first input 
terminal, and a second wire that connects the second electrode to the second input 
terminal. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] This and other objects and features of the present invention will become 
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clear from the following description, taken in conjunction with the preferred 
embodiments with reference to the accompanying drawings in which: 

Fig. 1A is a schematic perspective view showing the structure of a principal 
portion of the photosensor-amplifier device of a first embodiment of the invention; 

Fig. IB is a schematic sectional view of the photodiode chip 1 shown in Fig. 
1A, taken along line A- A'; 

Eig,-l-C4s^-scheim^ 1- shown-in Fig- 

1A, taken along line B-B'; 

Fig. ID is an equivalent circuit diagram of the photosensor-amplifier device 
shown in Fig. 1A; 

Fig. 2A is a schematic perspective view showing the structure of a principal 
portion of the photosensor-amplifier device of a second embodiment of the 
invention; 

Fig. 2B is a schematic sectional view of the photodiode chip 3 shown in Fig. 
2 A, taken along line A- A'; 

Fig. 2C is a schematic sectional view of the photodiode chip 3 shown in Fig. 
2A, taken along line B-B'; 

Fig. 2D is an equivalent circuit diagram of the photosensor-amplifier device 
shown in Fig. 2A; 

Fig. 3 is a schematic perspective view showing the structure of a principal 
portion of the photosensor-amplifier device of a third embodiment of the invention; 

Fig. 4A is a schematic perspective view showing the structure of a principal 
portion of a conventional photosensor-amplifier device; and 




Fig. 4B is an equivalent circuit diagram of the conventional photosensor- 
amplifier device shown in Fig. 4A. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 FIRST EMBODIMENT 

[0014] The photosensor-amplifier device of a first embodiment of the invention 
will be described below with reference to Figs. 1A to ID. Fig. 1A is a schematic 
perspective view showing the structure of a principal portion of the photosensor- 
amplifier device of the first embodiment. Fig. IB is a schematic sectional view of 
% 10 the photodiode chip 1 shown in Fig. 1A, taken along line A-A\ Fig. 1C is a 

ft* schematic sectional view of the photodiode chip 1 shown in Fig. 1A, taken along 

W 

Zj line B-B\ Fig. ID is an equivalent circuit diagram of the photosensor-amplifier 

device shown in Fig. 1A. The photosensor-amplifier device of this embodiment 
shown in these figures is composed of a photodiode chip 1 functioning as a 

\ n 15 photoelectric conversion element and an IC chip 2 incorporating an amplifier 
circuit and other components, with the photodiode chip 1 and the IC chip 2 sealed 
in a single package. 

[0015] The photodiode chip 1 has an N-type semiconductor substrate 11 and a 
first P-type semiconductor region 12 (hereinafter called the first region) formed in a 
20 top portion of the substrate 11, the PN junction between the substrate 11 and the 
first region 12 constituting a photodiode PD. Also formed in the top portion of the 
substrate 11 is a second P-type semiconductor region 15 (hereinafter called the 
second region) that is sufficiently smaller than the first region 12, the PN junction 
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between the substrate 11 and the second region 15 constituting a photodiode. 
This photodiode has its top surface shielded from light by an electrode 16 so as not 
to produce a signal due to light. This photodiode will hereinafter be called the 
dummy diode D. 

[0016] The top surface of the photodiode chip 1 is coated with an insulating film 
13, of which a small portion above the first region 12 and a small portion above the 

-second—region -15- are 

regions 12 and 15 are exposed, the anode electrode 14 of the photodiode PD and 
the anode electrode 16 (hereinafter called the dummy electrode) of the dummy 
diode D, respectively, are provided. On the other hand, the bottom surface of the 
substrate 11 is die-bonded to a frame 50, and a supply voltage V DD is applied to the 
frame 50 from outside. That is, the frame 50 serves as the cathode electrode 
common to the photodiode PD and the dummy diode D. 

[0017] The anode electrode 14 of the photodiode PD is electrically connected by 
way of a first wire Wl to a first electrode 21 of the IC chip 2, and the dummy 
electrode 16 of the dummy diode D is electrically connected by way of a second 
wire W2 to a second electrode 22 of the IC chip 2. As shown in Fig. ID, the IC 
chip 2 incorporates an operational amplifier circuit OP and resistors Rl and R2; the 
first electrode 21 is connected to the non-inverting input terminal (+) of the 
operational amplifier circuit OP and also through the resistor Rl to ground, and the 
second electrode 22 is connected to the inverting input terminal (-) of the 
operational amplifier circuit OP and also through the resistor R2 to ground. 



[0018] In this photosensor-amplifier device built as described above, an optical 
signal incident on the photodiode chip 1 is sensed by the photodiode PD and is 
detected as a current signal that flows through the photodiode PD. The current 
signal thus obtained as a result of photoelectric conversion performed in the 
photodiode chip 1 is then fed by way of the first wire Wl to the IC chip 2, where 
the current signal is converted into a voltage signal by the resistor Rl. This 
voltage signal is then fed to the non-inverting input terminal (+) of the operational 
amplifier circuit OP. 

[0019] On the other hand, a voltage at the second electrode 22 is fed to the 
inverting input terminal (-) of the operational amplifier circuit OP. Thus, the 
operational amplifier circuit OP amplifies to a predetermined voltage level the 
differential signal between the voltage signal fed to its non-inverting input terminal 
( + ) and the voltage fed from the second electrode 22 to its inverting input terminal 
(-), and then feeds the amplified differential signal to a signal processing circuit 
(not shown) or the like provided in the succeeding stage. 

[0020] As described previously, the second electrode 22 of the IC chip 2 is 
connected by way of the second wire W2 to the dummy electrode 16 of the 
photodiode chip 1. This dummy electrode 16 is electrically open (more precisely, 
it is not directly connected to the current signal obtained as a result of photoelectric 
conversion performed in the photodiode chip 1). 

[0021] Therefore, unless a noise signal is induced in the second wire W2 and 
other components by electromagnetic noise coming from outside the device, 




electromagnetic noise generated inside the device, or the like, the voltage at the 
second electrode 22 is normally kept at the ground level. In this case, the voltage 
signal fed to the non-inverting input terminal ( + ) of the operational amplifier 
circuit OP is, as it is, amplified to the predetermined voltage level, and is then fed 
5 to the signal processing circuit (not shown) or the like provided in the succeeding 
stage. 

-[002-2-]- By-contrast;- when a noise-signaHs^ndxiced"-iii~the - first" wire' "Wl-~by 

electromagnetic noise coming from outside the device, electromagnetic noise 
generated inside the device, or the like, a noise signal similar to this noise signal is 
induced also in the second wire W2, and therefore a voltage corresponding to the 
noise signal appears at the second terminal 22. In this case, the differential signal 
between the voltage signal fed to the non-inverting input terminal (4*) of the 
operational amplifier circuit OP and the voltage fed from the second electrode 22 to 
the inverting input terminal (-) thereof is amplified to the predetermined voltage 
level, and is then fed to the signal processing circuit (not shown) or the like 
provided in the succeeding stage. Thus, by the operational amplifier circuit OP, 
the noise signal induced in the first wire Wl is canceled with the noise signal 
induced in the second wire W2. Moreover, by the operational amplifier circuit OP, 
the dark current that flows through the photodiode PD when no light is incident on 
the photodiode chip 100 is canceled with the dark current that flows through the 
dummy diode D. 

[0023] In this structure, even if a noise signal is induced in the first wire Wl and 
other components by way of which the current signal obtained as a result of 
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photoelectric conversion performed in the photodiode chip 1 is transmitted to the 
IC chip 2, the noise signal is never amplified unchecked. This helps reduce the 
risk of malfunctioning of the IC chip 2. 

[0024] With the structure as described above, which itself helps reduce such 
noise signals, it is possible to simplify the noise prevention measures, such as an 
electromagnetic shield, that need to be additionally provided, and, in some cases, it 
i_s_possible_e_ven_ to_eliminate-the-need-for- sueh-additional— noise-prevention- 
measures. This makes it possible to reduce the number of components, and thus 
the cost, of the photosensor-amplifier device. 

[0025] In the photosensor-amplifier device built as described above, it is 
preferable that the lengths of the first and second wires Wl and W2 be made as 
nearly equal as possible, and that the two wires Wl and W2 be laid as parallel and 
close to each other as possible. Specifically, for example, the distance between the 
anode electrode 14 of the photodiode chip 1 and the first electrode 21 of the IC chip 
2 and the distance between the dummy electrode 16 of the photodiode chip 1 and 
the second electrode 22 of the IC chip 2 are made as nearly equal to each other as 
possible. Moreover, the distance between the anode electrode 14 of the 
photodiode chip 1 and the dummy electrode 16 and the distance between the first 
and second electrodes 21 and 22 of the IC chip 2 are made as short as possible and 
as nearly equal to each other as possible. 

[0026] This structure permits the first and second wires Wl and W2 to receive 
electromagnetic noise to more nearly equal degrees, and thus makes the noise 
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signals induced in those wires more nearly equal to each other. As a result, the 
noise signals cancel each other more fully in the operational amplifier circuit OP, 
and thus the noise signal induced in the first wire Wl can be reduced more 
effectively. 

[0027] In the first embodiment described above, the substrate 11 of the 
photodiode chip 1 is made of an N-type semiconductor. However, the structure of 
this_embodimenUs applicable also in eases v^he 
type semiconductor. 

SECOND EMBODIMENT 

[0028] The photosensor-amplifier device of a second embodiment of the 
invention will be described below with reference to Figs. 2A to 2D. Fig. 2A is a 
schematic perspective view showing the structure of a principal portion of the 
photosensor-amplifier device of the second embodiment. Fig. 2B is a schematic 
sectional view of the photodiode chip 3 shown in Fig. 2A, taken along line A-A\ 
Fig. 2C is a schematic sectional view of the photodiode chip 3 shown in Fig. 2A, 
taken along line B-B\ Fig. 2D is an equivalent circuit diagram of the photosensor- 
amplifier device shown in Fig. 2A. The photosensor-amplifier device of this 
embodiment shown in these figures is composed of a photodiode chip 3 
functioning as a photoelectric conversion element and an IC chip 2 incorporating 
an amplifier circuit and other components, with the photodiode chip 3 and the IC 
chip 2 sealed in a single package. 

[0029] The photodiode chip 3 has an N-type semiconductor substrate 31 and a 
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P-type semiconductor region 32 formed in a top portion of the substrate 31, the PN 
junction in between constituting a photodiode PD. The top surface of the 
photodiode chip 3 is coated with an insulating film 33, of which a small portion 
above the P-type semiconductor region 32 is removed. In this portion where the 
5 P-type semiconductor region 32 is exposed, the anode electrode 34 of the 
photodiode PD is provided. Moreover, on top of the insulating film 33, a dummy 
electrode 36 is provided. On the other hand, the bottom surface of the substrate 



31 is die-bonded to a frame 50, and a supply voltage V DD is applied to the frame 50 
from outside. That is, the frame 50 serves as the cathode electrode of the 
>B 10 photodiode PD. 

Q [0030] The anode electrode 34 of the photodiode PD is electrically connected by 

'H way of a first wire Wl to a first electrode 21 of the IC chip 2, and the dummy 

*f s electrode 36 is electrically connected by way of a second wire W2 to a second 

j n electrode 22 of the IC chip 2. As shown in Fig. 2D, the IC chip 2 incorporates an 

15 operational amplifier circuit OP and resistors Rl and R2; the first electrode 21 is 
connected to the non-inverting input terminal ( + ) of the operational amplifier 
circuit OP and also through the resistor Rl to ground, and the second electrode 22 
is connected to the inverting input terminal (-) of the operational amplifier circuit 
OP and also through the resistor R2 to ground. 

20 [0031] In this photosensor-amplifier device built as described above, an optical 
signal incident on the photodiode chip 3 is sensed by the photodiode PD and is 
detected as a current signal that flows through the photodiode PD. The current 
signal thus obtained as a result of photoelectric conversion performed in the 
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photodiode chip 3 is then fed by way of the first wire Wl to the IC chip 2, where 
the current signal is converted into a voltage signal by the resistor Rl. This 
voltage signal is then fed to the non-inverting input terminal ( + ) of the operational 
amplifier circuit OP. 

[0032] On the other hand, a voltage at the second electrode 22 is fed to the 
inverting input terminal (-) of the operational amplifier circuit OP. Thus, the 
operationaL amplifier 

differential signal between the voltage signal fed to its non-inverting input terminal 
( + ) and the voltage fed from the second electrode 22 to its inverting input terminal 
H> and then feeds the amplified differential signal to a signal processing circuit 
(not shown) or the like provided in the succeeding stage. 

[0033] As described previously, the second electrode 22 of the IC chip 2 is 
connected by way of the second wire W2 to the dummy electrode 36 of the 
photodiode chip 3. This dummy electrode 36 is electrically open (more precisely, 
it is not directly connected to the current signal obtained as a result of photoelectric 
conversion performed in the photodiode chip 3). 

[0034] Therefore, unless a noise signal is induced in the second wire W2 and 
other components by electromagnetic noise coming from outside the device, 
electromagnetic noise generated inside the device, or the like, the voltage at the 
second electrode 22 is normally kept at the ground level. In this case, the voltage 
signal fed to the non-inverting input terminal (+) of the operational amplifier 
circuit OP is, as it is, amplified to the predetermined voltage level, and is then fed 
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to the signal processing circuit (not shown) or the like provided in the succeeding 
stage. 

[0035] By contrast, when a noise signal is induced in the first wire Wl by 
electromagnetic noise coming from outside the device, electromagnetic noise 
5 generated inside the device, or the like, a noise signal similar to this noise signal is 
induced also in the second wire W2, and therefore a voltage corresponding to the 

noise-sig-na!-appeaTs r at^ -ease^-the-differential-signa-l- 

between the voltage signal fed to the non-inverting input terminal (+) of the 
operational amplifier circuit OP and the voltage fed from the second electrode 22 to 

10 the inverting input terminal (-) thereof is amplified to the predetermined voltage 
level, and is then fed to the signal processing circuit (not shown) or the like 
provided in the succeeding stage. Thus, by the operational amplifier circuit OP, 
the noise signal induced in the first wire Wl is canceled with the noise signal 
induced in the second wire W2. 

15 [0036] In this structure, even if a noise signal is induced in the first wire Wl and 
other components by way of which the current signal obtained as a result of 
photoelectric conversion performed in the photodiode chip 3 is transmitted to the 
IC chip 2, the noise signal is never amplified unchecked. This helps reduce the 
risk of malfunctioning of the IC chip 2. 

20 [0037] With the structure as described above, which itself helps reduce such 
noise signals, it is possible to simplify the noise prevention measures, such as an 
electromagnetic shield, that need to be additionally provided, and, in some cases, it 
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is possible even to eliminate the need for such additional noise prevention 
measures. This makes it possible to reduce the number of components, and thus 
the cost, of the photosensor-amplifier device. 



[0038] In the photosensor-amplifier device built as described above, it is 
preferable that the lengths of the first and second wires Wl and W2 be made as 
nearly equal as possible, and that the two wires Wl and W2 be laid as parallel and 
cLos_e_to_each_Qther-as-possible._ Specificall-y,-for-exampler-the distanee-between-the 
anode electrode 34 of the photodiode chip 3 and the first electrode 21 of the IC chip 
2 and the distance between the dummy electrode 36 of the photodiode chip 3 and 
the second electrode 22 of the IC chip 2 are made as nearly equal to each other as 
possible. Moreover, the distance between the anode electrode 34 of the 
photodiode chip 3 and the dummy electrode 36 and the distance between the first 
and second electrodes 21 and 22 of the IC chip 2 are made as short as possible and 
as nearly equal to each other as possible. 

[0039] This structure permits the first and second wires Wl and W2 to receive 
electromagnetic noise to more nearly equal degrees, and thus makes the noise 
signals induced in those wires more nearly equal to each other. As a result, the 
noise signals cancel each other more fully in the operational amplifier circuit OP, 
and thus the noise signal induced in the first wire Wl can be reduced more 
effectively. 



[0040] In the photosensor-amplifier device of the second embodiment described 
above, the substrate 31 of the photodiode chip 3 is made of an N-type 
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semiconductor. However, the structure of this embodiment is applicable also in 
cases where the substrate 31 is made of a P-type semiconductor. 

THIRD EMBODIMENT 

[0041] The photosensor-amplifier device of a third embodiment of the invention 
will be described below with reference to Fig. 3. Fig. 3 is a schematic perspective 
view showing the structure of a principal portion of the photosensor-amplifier 
_ devace_of— the— third— embodiment.— -The- -phetosensor-amplifier-device— of— this" 
embodiment has basically the same structure as the photosensor-amplifier device 
of the first or second embodiment described previously, but is so improved as to be 
less likely to suffer chip breakage in the wire-bonding process of the first and 
second wires Wl and W2. For example, when based on the structure of the 
photosensor-amplifier device of the first embodiment, the photosensor-amplifier 
device of this embodiment is built in the following manner. 

[0042] As shown in Fig. 3, on a printed circuit board 60, a photodiode chip 1 
functioning as a photoelectric conversion element and an IC chip 2 incorporating 
an amplifier circuit and other components are mounted. On the printed circuit 
board 60, conducting patterns Pi and P2 are also formed. Here, the photodiode 
chip 1 and the IC chip 2 are mounted on conducting patterns P3 and P4, 
respectively. 

[0043] The anode electrode 14 of the photodiode chip 1 and a first electrode 21 
of the IC chip 2 are electrically connected by way of separate first wires Wll and 
W12, respectively, to the conducting pattern Pi that is common to those electrodes. 
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Similarly, the dummy electrode 16 of the photodiode chip 1 and a second electrode 
22 of the IC chip 2 are electrically connected by way of separate second wires W21 
and W22, respectively, to the conducting pattern P2 that is common to those 
electrodes. 

[0044] In the wire-bonding process of the first wire Wll, first, one end of the 
first wire Wll is bonded to the anode electrode 14 of the photodiode chip 1 (the 
_firsLbonding)^and_then- the-other- end-of-the -first-wire-Wl4-is-bonded-to the- 
conducting pattern Pi (the second bonding). In the wire-bonding process of the 
first wire W12, first, one end of the first wire W12 is bonded to the first electrode 
21 of the IC chip 2, and then the other end of the first wire W12 is bonded to the 
conducting pattern PI. 

[0045] Similarly, in the wire-bonding process of the second wire W21, first, one 
end of the second wire W21 is bonded to the dummy electrode 16 of the 
photodiode chip 1, and then the other end of the second wire W21 is bonded to the 
conducting pattern P2. In the wire-bonding process of the second wire W22, first, 
one end of the second wire W22 is bonded to the second electrode 22 of the IC chip 
2, and then the other end of the second wire W22 is bonded to the conducting 
pattern P2. 

[0046] Providing common conducting patterns Pi and P2 in this way eliminates 
the need to perform the second bonding, which is prone to cause chip breakage, on 
the photodiode chip 1 nor on the IC chip 2 in the wire-bonding processes of the 
first wires Wll and W12 and of the second wires W21 and W22. Thus, it is 
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possible to reduce the risk of chip breakage in a wire-bonding process. 

[0047] A photosensor-amplifier device embodying the present invention can be 
used, for example, in a receiver device in an infrared communication apparatus. 
This makes highly accurate reception of infrared signals possible, and thereby 
helps realize an infrared receiver device that is less prone than ever to 
malfunctioning. 
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